Additional file 1: Table 1. Raw data of mass size and weight.
	Lab Code
	Weight (g)
	Size (cm)
	Size (cm3)

	CRC-PT-001
	Normal
	0.35
	1.0x1.0x1.0
	-
	-
	1.000
	-
	-

	
	Tumor
	0.91
	1.0x2.4x0.5
	0.8x2.0x1.0
	1.8x1.8x0.8
	1.200
	1.600
	2.592

	CRC-PT-002
	Normal
	1.27
	2.6x1.8x0.5
	-
	-
	2.340
	-
	-

	
	Tumor
	0.85
	1.0x0.8x0.5
	0.8x0.7x0.5
	1.2x0.6x0.5
	0.400
	0.280
	0.360

	CRC-PT-003
	Normal
	0.49
	0.9x0.5x0.5
	1.1x0.5x0.5
	0.9x0.4x0.5
	0.225
	0.275
	0.180

	
	Tumor
	0.31
	1.1x0.5x0.5
	0.8x0.4x0.5
	0.6x0.3x0.5
	0.275
	0.160
	0.090

	CRC-PT-004
	Normal
	0.60
	1.6x1.8x1.1
	-
	-
	3.168
	-
	-

	
	Tumor
	3.45
	1.7x2.4x2.0
	1.9x2.2x2.1
	-
	8.160
	8.778
	-

	CRC-PT-006
	Normal
	0.16
	1.2x0.5x0.3
	1.1x0.5x0.3
	-
	0.180
	0.165
	-

	
	Tumor
	0.28
	1.6x0.8x0.5
	-
	-
	0.640
	-
	-

	CRC-PT-007
	Normal
	0.15
	0.9x0.7x0.5
	1.2x0.5x0.3
	-
	0.315
	0.180
	-

	
	Tumor
	0.21
	1.3x0.5x0.3
	-
	-
	0.195
	-
	-

	CRC-PT-010
	Normal
	0.13
	1.3x0.4x0.3
	1.5x0.6x0.3
	-
	0.156
	0.270
	-

	
	Tumor
	0.35
	2.0x0.8x0.5
	-
	-
	0.800
	-
	-

	CRC-PT-011
	Normal
	0.40
	2.0x1.0x0.5
	-
	-
	1.000
	-
	-

	
	Tumor
	4.37
	1.9x1.9x0.8
	1.7x1.4x0.8
	2.3x1.7x0.5
	2.888
	1.904
	1.955

	CRC-PT-018
	Normal
	0.38
	2.7x0.7x0.4
	-
	-
	0.8424
	-
	-

	
	Tumor
	0.74
	0.9x1.2x0.3
	2.4x0.8x0.5
	-
	0.324
	0.96
	-

	CRC-PT-020
	Normal
	1.02
	2.0x2.7x0.8
	-
	-
	4.320
	-
	-

	
	Tumor
	0.78
	1.5x3.5x0.5
	-
	-
	2.625
	-
	-

	CRC-PT-021
	Normal
	0.58
	0.9x1.3x0.2
	0.7x1.8x0.3
	-
	0.234
	0.378
	-

	
	Tumor
	0.18
	0.6x 0.7x0.3
	0.4x0.9x0.3
	-
	0.126
	0.108
	-

	CRC-PT-022
	Normal
	1.00
	2.0x2.5x0.3
	-
	-
	1.5
	-
	-

	
	Tumor
	0.55
	1.0x1.9x0.5
	-
	-
	0.95
	-
	-

	CRC-PT-023
	Normal
	0.45
	1.9x1.1x0.5
	-
	-
	1.045
	-
	-

	
	Tumor
	0.66
	1.4x1.3x0.5
	-
	-
	0.91
	-
	-

	CRC-PT-024
	Normal
	0.46
	1.7x1.0x0.5
	-
	-
	0.85
	-
	-

	
	Tumor
	0.04
	0.6x0.4x0.4
	-
	-
	0.096
	-
	-

	CRC-PT-025
	Normal
	0.38
	1.0x1.4x0.5
	-
	-
	0.7
	-
	-

	
	Tumor
	0.09
	0.8x0.8x0.8
	-
	-
	0.512
	-
	-


CRC-PT: colorectal cancer-patient, TAAs: tumor associated antigens, OR: operation, Normal tissues’ weight = 0.521 ± 0.334 g, Tumor tissues’ weight = 0.918 ± 1.259 g, Normal tissues’ size = 0.920 ± 1.102 cm3, and Tumor tissues’ size = 1.517 ± 2.266 cm3.




Additional file 1: Table 2. Reagents; follow manufacturer’s recommendations for CRC organoids medium.
	Reagents
	Source
	Identifier

	Matrigel, growth factor reduced, phenol red-free (Matrigel)
	Corning
	Cat. No. 354234

	Advanced DMEM/F-12+++
	Thermo Fisher Scientific
	Cat. No. 12634010

	HEPES (100x)
	Gibco
	Cat. No. 15630080

	GlutaMAX Supplement
	Gibco 
	Cat. No. 35050061

	Penicillin-Streptomycin (P/S) (5,000 U/mL) 
	Gibco 
	Cat. No. 15070063

	N-2 Supplement (100x)  
	Gibco
	Cat. No. 17502048

	B-27 Supplement (50x),
	Gibco
	Cat. No. 12587001

	N-Acetyl-L-cysteine
	Sigma-Aldrich
	Cat. No. A9165

	Human EGF Recombinant Protein (EGF)
	PeproTech
	Cat. No. 100-15

	Recombinant Human FGF-10 (FGF-10)
	PeproTech
	Cat. No. 100-26

	Recombinant Human HGF (HGF)
	PeproTech
	Cat. No. 100-39

	Heregulin B
	Bio-techne/R&D system
	Cat. No. 396-HB 

	Nogging
	Bio-techne/R&D system
	Cat. No. 6057-NG

	Nicotinamide
	Sigma-Aldrich
	Cat. No. N0636

	A83.01
	Tocris
	Cat. No. 2939

	RSPO1 HA-R-spondin1-fc 293T cells
	Trevigen/ R&D system
	Cat. No. 3710-001-01

	Recombinant Human KGF (FGF-7)
	PeproTech
	Cat. No. 100-19

	Penicillin–Streptomycin (P/S) (5,000 U/mL)
	Gibco
	Cat. No. 15070063

	Antibiotic-Antimycotic
	Thermo Fisher Scientific
	Cat. No. 15240062

	Primocin™
	InvivoGen
	Cat. No. NC9392943

	Gentamicin Sulphate (40 mg/mL)
	T.P. Drug Laboratories (1969) Co., Ltd.
	Cat. No. 425089

	Metronidazole (500 mg/100mL)
	Thai Nakorn Patana Co., Ltd.
	Cat. No. B2508055



[bookmark: _Hlk212712434]Additional file 1: Table 3. Raw data of TAAs expression in PDOs.
	Lab Code
	MSLN
	PD-L1
	MSLN/
PD-L1
	EpCAM
	αSMA
	[bookmark: OLE_LINK1]CD3+/
CD4+
	CD3+/
CD8+
	CD3+/
CD4+/CD8+

	CRC-PT-001
	Normal
	1.16%
	28.99%
	43.13%
	88.10%
	9.38%
	80.35%
	44.95%
	36.3%

	
	Tumor
	77.84%
	69.68%
	96.97%
	72.14%
	15.77%
	86.86%
	61.80%
	52.8%

	CRC-PT-002
	Normal
	2.13%
	1.05%
	6.84%
	22.10%
	5.84%
	31.87%
	19.90%
	14.2%

	
	Tumor
	11.76%
	1.08%
	1.23%
	30.51%
	2.13%
	53.30%
	22.36%
	30.6%

	CRC-PT-003
	Normal
	0.76%
	14.82%
	22.73%
	56.23%
	13.26%
	82.36%
	32.74%
	48.3%

	
	Tumor
	1.13%
	88.60%
	23.20%
	70.11%
	28.03%
	86.75%
	37.26%
	63.9%

	CRC-PT-004
	Normal
	5.13%
	17.83%
	10.74%
	86.85%
	4.46%
	87.21%
	26.07%
	20.9%

	
	Tumor
	20.82%
	28.33%
	23.11%
	66.88%
	9.20%
	88.95%
	73.84%
	58.4%

	CRC-PT-006
	Normal
	7.27%
	0.46%
	0.54%
	24.96%
	9.23%
	34.81%
	25.73%
	20.2%

	
	Tumor
	98.36%
	96.73%
	97.36%
	35.87%
	17.64%
	47.57%
	38.98%
	46.9%

	CRC-PT-007
	Normal
	6.30%
	16.64%
	0.00%
	66.14%
	6.97%
	91.65%
	61.19%
	53.9%

	
	Tumor
	50.64%
	48.69%
	44.91%
	52.81%
	13.63%
	90.65%
	44.52%
	48.3%

	CRC-PT-010
	Normal
	21.63%
	89.19%
	56.99%
	37.91%
	6.30%
	58.15%
	11.36%
	49.1%

	
	Tumor
	63.86%
	99.33%
	93.04%
	34.49%
	10.53%
	71.73%
	24.03%
	46.0%

	CRC-PT-011
	Normal
	28.03%
	10.00%
	4.75%
	83.51%
	9.62%
	87.32%
	23.36%
	7.36%

	
	Tumor
	16.74%
	17.67%
	10.85%
	67.27%
	18.25%
	88.35%
	63.22%
	59.9%

	CRC-PT-018
	Normal
	0.73%
	42.35%
	1.03%
	23.22%
	6.44%
	32.59%
	16.92%
	20.2%

	
	Tumor
	52.49%
	60.63%
	70.36%
	32.52%
	14.97%
	43.48%
	28.32%
	16.9%

	CRC-PT-020
	Normal
	0.27%
	16.06%
	2.51%
	23.19%
	5.58%
	31.49%
	19.41%
	14.5%

	
	Tumor
	32.46%
	74.34%
	73.58%
	86.81%
	29.23%
	86.44%
	43.88%
	52.4%

	CRC-PT-021
	Normal
	1.39%
	6.94%
	9.38%
	84.55%
	3.95%
	88.63%
	4.55%
	32.9%

	
	Tumor
	41.98%
	82.44%
	80.15%
	31.13%
	6.20%
	41.87%
	32.78%
	
22.9%

	CRC-PT-022
	Normal
	0.38%
	2.66%
	1.36%
	85.81%
	4.82%
	91.03%
	21.55%
	20.9%

	
	Tumor
	1.00%
	15.88%
	53.66%
	64.06%
	7.81%
	73.15%
	63.68%
	
22.0%

	CRC-PT-023
	Normal
	2.67%
	47.41%
	2.75%
	87.22%
	2.68%
	87.89%
	65.87%
	43.9%

	
	Tumor
	0.10%
	65.24%
	0.48%
	57.84%
	10.68%
	81.46%
	65.25%
	
42.8%

	CRC-PT-024
	Normal
	18.26%
	56.93%
	37.75%
	54.84%
	35.45%
	73.52%
	39.86%
	54.5%

	
	Tumor
	12.90%
	52.10%
	36.21%
	44.60%
	0.67%
	55.38%
	57.82%
	
30.6%

	CRC-PT-025
	Normal
	22.75%
	55.60%
	21.94%
	54.01%
	1.77%
	81.77%
	37.84%
	29.4%

	
	Tumor
	8.15%
	44.60%
	7.51%
	50.66%
	1.98%
	86.06%
	58.02%
	
31.8%


CRC-PT: colorectal cancer-patient, TAAs: tumor associated antigens, OR: operation, EpCAM: epithelial cell adhesion molecule, αSMA: alpha-smooth muscle actin, MSLN: mesothelin, PD-L1: programmed cell death-ligand 1. CD3⁺/CD4⁺ and CD3⁺/CD8⁺ values represent independently gated percentages of CD4⁺ and CD8⁺ T cell subsets within the CD3⁺ population and are not intended to be additive. MSLN expression in normal tissues = 7.92 ± 0.096%, MSLN expression in tumor tissues = 32.68 ± 0.305%, PD-L1 expression in normal tissues = 27.13 ± 0.259%, PD-L1 expression in tumor tissues = 56.36 ± 0.305%, MSLN/PD-L1 co-expression in normal tissues = 14.83 ± 0.180%, and MSLN/PD-L1 co-expression in tumor tissues = 47.51 ± 0.358%.	
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Additional file 1: Table 4. Raw data of PDOs size.
	Lab Code
	Size (Mean ± SD, μm3)

	
	Day 1
	Day 3
	Day 5
	Day 7
	Day 10
	Day 14

	CRC-PT-001
	Normal
	588.26±158.47
	826.97±559.29
	2676.56±1285.39
	132489.67±208095.75
	132489.67±208095.75
	262974.67±111876.93

	
	Tumor
	572992.60±205452.35
	1007583.87±576624.56
	1351791.56±310565.82
	2319715.75±530830.42
	2319715.75±530830.42
	1914434.75±983330.29

	CRC-PT-002
	Normal
	1554.80±1673.31
	6794.01±4297.17
	98272.09±23559.35
	84882.92±4388.54
	212541.22±77690.33
	811711.00±327214.59

	
	Tumor
	78445.87±104876.67
	131718.93±179243.49
	272704.95±190823.25
	335430.75±150493.50
	1233150.20±475812.00
	1153706.20±1005603.72

	CRC-PT-003
	Normal
	36393.40±34047.22
	79211.39±35635.61
	103742.60±141615.95
	151482.69±113194.92
	84534.65±38614.78
	471817.87±517926.37

	
	Tumor
	36393.40±34047.22
	505230.94±65060.60
	2373956.65±1617082.50
	3744553.11±786511.32
	5904917.08±3590900.53
	5826647.15±2384791.89

	CRC-PT-004
	Normal
	463.48±478.04
	463.48±478.04
	25963.26±43641.66
	44995.41±39266.97
	119006.58±115171.66
	293819.16±111676.83

	
	Tumor
	572992.60±205452.35
	572992.61±205452.35
	761396.39±265676.84
	1505867.18±1045891.20
	4319804.88±1428109.88
	6630651.67±1836395.27

	CRC-PT-006
	Normal
	4828.901±7038.01
	33782.06±17776.79
	36385.43±13185.49
	36385.43±13185.49
	440081.78±293373.82
	888970.05±614330.74

	
	Tumor
	14348.03±12381.94
	86085.84±46514.28
	1678751.76±1668748.86
	5794958.89±3481925.19
	9172954.15±6514774.09
	15250476.09±9184639.29

	CRC-PT-007
	Normal
	12789.012±20999.58
	164421.85±132344.14
	663645.61±281123.07
	663645.61±281123.07
	1133362.29±289508.43
	1133362.29±289508.43

	
	Tumor
	222010.77±218534.30
	438997.41±88114.10
	1700160.47±879233.46
	2480101.90±832507.85
	3002932.36±256137.27
	4146932.62±1429237.39

	CRC-PT-010
	Normal
	33782.06±17776.79
	33782.06±17776.79
	301932.17±277878.97
	343892.18±288993.84
	583895.52±477585.27
	769971.29±309921.05

	
	Tumor
	86085.84±46514.28
	86085.84±46514.28
	869726.45±517669.70
	1342616.94±1422659.99
	889085.56±482592.07
	1264710.49±379948.49

	CRC-PT-011
	Normal
	11732.92±14279.64
	43530.61±37913.04
	429040.03±168538.28
	619465.87±198264.99
	872460.69±624775.94
	872460.69±624775.94

	
	Tumor
	90314.30±42916.18
	584339.00±247954.07
	2307111.52±1100938.61
	2767906.34±895400.35
	7570778.96±2212179.27
	10919057.42±3590662.41

	CRC-PT-018
	Normal
	11732.92±14279.64
	43530.61±37913.04
	429040.03±168538.28
	619465.87±198264.99
	872460.69±624775.94
	872460.69±624775.94

	
	Tumor
	90314.30±42916.18
	584339.00±247954.07
	2307111.52±1100938.61
	2767906.34±895400.35
	7570778.96±2212179.27
	10919057.42±3590662.41

	CRC-PT-020
	Normal
	530.73±83.09
	3751.65±3188.29
	12481.62±9851.99
	132489.67±208095.75
	132489.67208095.75
	262974.67±111876.93

	
	Tumor
	623742.59±187173.75
	1709929.88±1268603.49
	1686938.11±599924.67
	2319715.75±530830.42
	2319715.75±530830.42
	3422687.62±1965356.18

	CRC-PT-021
	Normal
	12789.02±20999.58
	164421.85±132344.14
	663645.61±281123.07
	663645.61±281123.07
	1133362.29±289508.43
	1133362.29±289508.43

	
	Tumor
	222010.77±218534.30
	438997.41±88114.10
	1700160.47±879233.46
	2480101.90±832507.85
	3002932.36±256137.27
	9023061.34±3808657.32

	CRC-PT-022
	Normal
	5978.19±6232.33
	33782.06±17776.79
	36385.43±13185.49
	36385.43±13185.49
	440081.78±293373.82
	888970.05±614330.74

	
	Tumor
	14348.03±12381.94
	86085.84±46514.28
	1678751.76±1668748.86
	5794958.89±3481925.19
	11294476.42±3304529.95
	18550927.81±3797610.99

	CRC-PT-023
	Normal
	1554.80±1673.31
	6794.01±4297.17
	98272.09±23559.35
	84882.92±4388.54
	212541.22±77690.33
	811711.00±327214.59

	
	Tumor
	69251.54±111928.44
	131718.93±179243.49
	272704.95±190823.25
	335430.75±150493.50
	1233150.20±475812.00
	1153706.20±1005603.72

	CRC-PT-024
	Normal
	2765.40±3488.50
	79211.39±35635.61
	103742.60±141615.95
	151482.69±113194.92
	84534.65±38614.78
	471817.87±517926.37

	
	Tumor
	27659.37±38698.96
	505230.94±65060.60
	2373956.65±1617082.50
	3744553.11±786511.32
	5904917.08±3590900.53
	13581740.56±11102875.16

	CRC-PT-025
	Normal
	463.48±478.04
	10557.54±16808.59
	30087.95±40515.72
	44995.41±39266.97
	130211.09±98351.48
	293819.16±111676.83

	
	Tumor
	533716.70±251242.35
	572992.61±205452.35
	761396.39±265676.84
	1366520.32±805843.86
	4475151.97±1166606.04
	6630651.67±1836395.27


PDOs, patient-derived organoids; CRC-PT, colorectal cancer patient; TAAs, tumor-associated antigens.










[bookmark: _Hlk212712496]Additional file 1: Table 5. Baseline immune profiling in PBMCs.
	Lab Code
	CRC-PT-001
	CRC-PT-002
	CRC-PT-003
	CRC-PT-004
	CRC-PT-005
	CRC-PT-006
	CRC-PT-007

	B-cells
	9.16
	5
	15.2
	0.38
	10.8
	4.3
	0.56

	T cells
	38.7
	52.9
	66.1
	59.4
	35.8
	60.2
	44.5

	NK cells
	53.9
	30.3
	22.1
	22.6
	53.4
	17.8
	31.2

	NKT cells
	3.26
	10.2
	5.18
	3.07
	5.38
	17.5
	7.58

	Treg
	1.11
	7.43
	15.3
	1.52
	12.3
	2.69
	5.63

	CD3+/CD8+
	50.4
	40.2
	34.6
	48.8
	55.3
	30
	42.2

	CD3+/CD4+
	39.3
	45.4
	51.7
	51.2
	27.4
	54.9
	47.9

	PD-1
	CD3+/CD8+
	54.4
	25.6
	14.5
	20.2
	14.9
	14.2
	2.76

	
	CD3+/CD4+
	20.9
	18.8
	17.2
	22.1
	12.8
	23.9
	6.25

	LAG3
	CD3+/CD8+
	19.1
	29.3
	6.3
	12.3
	11.6
	19.7
	12.5

	
	CD3+/CD4+
	15.1
	38.4
	9.78
	11.1
	4.97
	17.6
	7.47

	TIM-3
	CD3+/CD8+
	12.3
	3.37
	5.03
	15.6
	16
	4.34
	12.7

	
	CD3+/CD4+
	6.9
	2.39
	4.54
	4.5
	6.68
	1.51
	12.8

	PD-L1
	CD3+/CD8+
	2.39
	23.6
	4.71
	0.88
	1.44
	15.2
	15.6

	
	CD3+/CD4+
	11.8
	10.2
	1.95
	1.88
	1.46
	3.65
	17.9

	Tn
	CD3+/CD8+
	9.35
	23.1
	35
	7.35
	28.1
	4.46
	8.35

	
	CD3+/CD4+
	26.1
	5.8
	30.5
	26.1
	10.2
	8.71
	26.1

	Teff
	CD3+/CD8+
	23.1
	17.9
	25.1
	21.1
	1.27
	46.8
	23.1

	
	CD3+/CD4+
	0.67
	44.6
	0.98
	2.67
	30.3
	1.74
	1.67

	Tcm
	CD3+/CD8+
	19.9
	21.1
	6.01
	19.9
	27.6
	8.25
	19.9

	
	CD3+/CD4+
	40.2
	5.16
	29.8
	40.2
	3.94
	17.8
	40.2

	Temra
	CD3+/CD8+
	47.7
	37.9
	33.9
	49.7
	43
	40.5
	47.7

	
	CD3+/CD4+
	33
	44.5
	38.7
	33
	55.6
	71.8
	33


CRC-PT, colorectal cancer patient; NK cells, Natural killer cells; NKT cells, Natural killer T cells; Treg, Regulatory T cells; PD-1, Programmed cell death protein-1; LAG-3, Lymphocyte activation gene-3; TIM-3, T cell immunoglobulin and mucin-domain containing-3; PD-L1, Programmed death-ligand 1; Tn, Naïve T cells; Tcm, Central memory T cells; Tem, Effector memory T cells; Temra, Terminally differentiated effector memory T cells; Teff, Effector T cells; PBMCs, Peripheral blood mononuclear cells.
[bookmark: _Hlk212712505]Additional file 1: Table 6. Raw data of western blot of CAR expression and secretion.
	WB
	n1
	n2
	n3

	
	NT
	CAR4
	CAR5
	NT
	CAR4
	CAR5
	NT
	CAR4
	CAR5

	CD3ζ
	0
	6742.569
	711.284
	0
	8074.154
	4014.134
	0
	10074.15
	814.188

	β-actin
	13633.49
	9051.054
	5362.912
	8428.761
	9028.761
	6997.154
	18418.72
	8928.722
	697.157

	ratio
	0
	0.744948
	0.13263
	0
	0.89427
	0.573681
	0
	1.128286
	1.167869

	HA
	0
	0
	1047.368
	0
	0
	1278.317
	0
	0
	3218.117


WB, western blot; NT, non-transduced; CAR4, anti-MSLN-CAR4; CAR5, anti-MSLN-CAR5; CD3ζ, CD3 zeta chain; HA, HA-tagged anti-PD-L1 scFv.























[bookmark: _Hlk212712517]Additional file 1: Table 7. Raw data of %MSLN-CAR4 and MSLN-CAR5 expression.
	Lab Code
	%c-Myc (CAR expression)
	%HA (PD-L1 scFv)

	
	NT
	CAR4
	CAR5
	NT
	CAR4
	CAR5

	CRC-PT-001
	11.8
	13.7
	12.2
	11.8
	13.7
	12.2

	CRC-PT-002
	2.74
	13.7
	69.96
	0.12
	2.06
	51.4

	CRC-PT-003
	6.18
	31.8
	25
	6.18
	31.8
	25

	CRC-PT-004
	5.33
	16.56
	29.5
	0.12
	1.86
	19.5

	CRC-PT-006
	7.38
	8.04
	10.6
	7.38
	8.04
	10.6

	CRC-PT-007
	5.11
	14.2
	14.1
	5.11
	14.2
	14.1

	CRC-PT-008
	3.55
	21.97
	26.39
	0.21
	5.8
	21.31

	CRC-PT-010
	4.12
	22
	23.5
	4.12
	22
	23.5

	CRC-PT-011
	2.74
	13.7
	69.96
	0.12
	2.06
	51.4

	CRC-PT-018
	5.33
	16.65
	29.5
	0.12
	1.86
	19.5

	CRC-PT-020
	3.56
	21.97
	26.39
	0.21
	5.8
	21.31

	CRC-PT-021
	4.63
	23.6
	12.4
	0.3
	2.86
	25.4

	CRC-PT-022
	4.54
	14.6
	7.56
	1.75
	2.15
	36.1

	CRC-PT-023
	5.7
	13.2
	11.4
	1.15
	1.82
	44.5

	CRC-PT-024
	3.9
	24.1
	26.8
	0.3
	0.9
	43.4

	CRC-PT-025
	5.2
	37.8
	42.6
	0.7
	2.7
	34.4


CRC-PT, colorectal cancer patient; NT, non-transduced; CAR4, anti-MSLN-CAR4; CAR5, anti-MSLN-CAR5; CD3ζ, CD3 zeta chain; HA, HA-tagged anti-PD-L1 scFv; scFv, Single-chain variable fragment.








[bookmark: _Hlk212712546]Additional file 1: Table 8. Raw number of ELISpot assay.
	Lab Code
	No. of spots

	
	PMA/Iono
	NT
	CAR4
	CAR5

	CRC-PT-001
	1123
	0
	469
	332

	CRC-PT-002
	63
	0
	29
	24

	CRC-PT-003
	1165
	30
	81
	83

	CRC-PT-004
	1300
	0
	260
	283

	CRC-PT-006
	1110
	0
	333
	293

	CRC-PT-007
	1122
	0
	243
	333

	CRC-PT-010
	1009
	0
	33
	57

	CRC-PT-011
	1034
	0
	41
	35

	CRC-PT-018
	1209
	0
	258
	274

	CRC-PT-020
	1101
	5
	85
	61

	CRC-PT-021
	1125
	15
	61
	73

	CRC-PT-022
	1025
	45
	331
	85

	CRC-PT-023
	1033
	0
	61
	111

	CRC-PT-024
	1053
	0
	191
	78

	CRC-PT-025
	1122
	0
	9
	30


ELISpot, Enzyme-Linked ImmunoSpot assay; CRC-PT, colorectal cancer patient; PMA, Phorbol 12-myristate 13-acetate; Iono, Ionomycin; NT, non-transduced; CAR4, anti-MSLN-CAR4; CAR5, anti-MSLN-CAR5.



[bookmark: _Hlk212712558]Additional file 1: Table 9. Raw data of CBAs from anti-MSLN-CAR4 and anti-MSLN-CAR5 exposing target PDOs including IL-2, IL-4, IL-6, IL-10, IL-17A, sFas, sFASL, TNF-α, IFN-γ, granzyme A, granzyme B, perforin, and granulysin (pg/ml).
	Lab Code
	Cytokines (pg/ml)

	
	IL-2
	IL-4
	IL-6
	IL-10
	IL-17A
	sFas
	sFASL
	TNF-α
	IFN-γ
	Granzyme A
	Granzyme B
	Perforin
	Granulysin

	CRC-PT-001
	Target alone
	314.01
	72.91
	7902.18
	2285.64
	5.37
	1672.01
	5.37
	0.91
	1864.44
	5.37
	1672.01
	33.31
	148.07

	 
	NT
	2804.10
	    1.10
	72.91
	0.87
	5.37
	3315.02
	5.37
	   40.57
	11864.44
	15000.00
	 4685.95
	  194.04
	30846.13

	 
	CAR4
	5204.10
	    1.10
	72.91
	0.87
	5.37
	1672.01
	5.37
	   52.00
	20000.00
	15000.00
	42028.29
	  408.39
	57000.00

	 
	CAR5
	1204.23
	    1.10
	72.91
	    1.10
	5.37
	1672.01
	5.37
	   21.75
	20000.00
	15000.00
	52000.00
	  387.39
	57000.00

	CRC-PT-002
	Target alone
	0.87
	0.87
	48172.91
	0.87
	5.37
	1672.01
	5.37
	   15.95
	11555.00
	15000.00
	 4236.29
	  151.09
	 3816.87

	 
	NT
	 1096.49
	    1.10
	22228.00
	    1.35
	5.37
	2672.01
	5.37
	0.91
	1864.44
	5.37
	5672.01
	33.31
	148.07

	 
	CAR4
	 1096.49
	    1.10
	1172.91
	    1.35
	5.37
	3872.45
	5.37
	    5.03
	51864.44
	15000.00
	13984.86
	  234.60
	17000.00

	 
	CAR5
	240.01
	    1.10
	172.91
	0.87
	5.37
	1672.01
	5.37
	   10.28
	20000.00
	15000.00
	50302.70
	  417.55
	57000.00

	CRC-PT-003
	Target alone
	151.00
	218.00
	7159.95
	198.00
	281.00
	203.00
	199.00
	246.00
	238.00
	249.00
	236.00
	270.00
	165.00

	 
	NT
	121.00
	127.90
	1168.20
	203.20
	2651.20
	111.11
	695.15
	948.00
	695.50
	488.10
	720.25
	233.10
	531.00

	 
	CAR4
	325.00
	168.35
	1.00
	206.80
	7307.15
	21152.24
	620.55
	3623.70
	1553.90
	20918.65
	37713.40
	978.75
	22337.90

	 
	CAR5
	324.00
	196.85
	311.00
	259.10
	30523.70
	11541.40
	736.85
	4347.85
	1889.60
	36247.90
	164652.70
	1362.20
	75296.00

	CRC-PT-004
	Target alone
	124.00
	167.00
	25440.50
	200.00
	179.00
	140.00
	274.00
	242.00
	258.00
	244.00
	229.00
	283.00
	223.00

	 
	NT
	1.00
	1.00
	5366.40
	404.05
	5377.80
	628.50
	1299.45
	10975.50
	6941.10
	491.40
	1795.05
	2806.10
	165.40

	 
	CAR4
	1.00
	172.30
	19.80
	1.00
	445.40
	1.00
	834.50
	771.95
	403.80
	426.45
	634.30
	610.90
	18.50

	 
	CAR5
	1.00
	1.00
	97.40
	11.50
	121240.50
	1.00
	604.20
	995.60
	663.25
	398.85
	255.40
	563.10
	159.05

	CRC-PT-006
	Target alone
	145.00
	300.00
	61805.90
	253.00
	286.00
	220.00
	214.00
	210.00
	211.00
	192.00
	211.00
	225.00
	141.00

	 
	NT
	121.00
	127.90
	168.20
	203.20
	2651.20
	111.11
	695.15
	948.00
	695.50
	488.10
	720.25
	233.10
	531.00

	 
	CAR4
	325.00
	168.35
	1.00
	206.80
	7307.15
	21152.24
	620.55
	3623.70
	1553.90
	20918.65
	237713.40
	978.75
	22337.90

	 
	CAR5
	324.00
	196.85
	311.00
	259.10
	30523.70
	11541.40
	736.85
	4347.85
	111889.60
	36247.90
	364652.70
	1362.20
	75296.00

	CRC-PT-007
	Target alone
	97.00
	191.00
	17072.50
	189.00
	229.00
	156.00
	216.00
	251.00
	266.00
	276.00
	286.00
	271.00
	207.00

	 
	NT
	1.00
	1.00
	97.40
	11.50
	121240.50
	1.00
	604.20
	995.60
	663.25
	709.00
	981.30
	1.00
	280.85

	 
	CAR4
	87.20
	583.55
	62.90
	158.55
	105109.60
	40.05
	495.70
	3366.70
	2338.40
	34046.50
	250483.16
	11605.00
	29600.50

	 
	CAR5
	1.00
	109.50
	1.00
	322.40
	111558.60
	1.00
	1111.60
	6957.30
	4859.10
	103295.80
	435443.90
	16703.80
	119557.00

	CRC-PT-010
	Target alone
	79.00
	120.00
	4748.40
	177.00
	174.00
	116.00
	286.00
	278.00
	236.00
	239.00
	290.00
	255.00
	229.00

	 
	NT
	3208.00
	1.00
	1185.90
	1.00
	49830.80
	1.00
	574.20
	772.80
	511.50
	468.90
	287.50
	190.30
	142.75

	 
	CAR4
	1233.50
	424.60
	748.80
	519.10
	122147.40
	749.10
	1318.00
	20161.55
	30218.80
	342951.70
	504608.10
	71719.50
	158812.70

	 
	CAR5
	366.65
	316.60
	462.10
	565.00
	114645.55
	798.10
	1523.65
	25711.80
	18567.50
	368927.38
	525723.40
	113438.90
	237988.10

	CRC-PT-011
	Target alone
	98.00
	132.00
	20744.50
	141.00
	169.00
	111.00
	266.00
	277.00
	291.00
	240.00
	303.00
	293.00
	265.00

	 
	NT
	1.50
	43.90
	2390.90
	152.40
	71454.70
	1.00
	739.20
	830.25
	611.20
	1030.80
	802.60
	71.15
	355.50

	 
	CAR4
	1.00
	1.00
	1.00
	18.20
	1.00
	1.00
	835.05
	978.30
	11621.80
	1403.60
	6957.30
	4859.10
	1536.20

	 
	CAR5
	140.30
	1.00
	1.00
	1.00
	33679.30
	1.00
	423.60
	1169.45
	11580.75
	515.10
	5832.30
	5398.70
	206.90

	CRC-PT-018
	Target alone
	142.00
	207.00
	60080.80
	242.00
	242.00
	175.00
	213.00
	231.00
	227.00
	205.00
	250.00
	240.00
	175.00

	 
	NT
	395.00
	7742.70
	7690.15 
	259.30
	35151.90
	1.00
	615.70
	2633.20
	2119.30
	12242.30
	28146.70
	1728.55
	41305.70

	 
	CAR4
	749.60
	1509.30
	2639.90
	33000.30
	6142.10
	3042.80
	180361.70
	122243.60
	178401.10
	20508.20
	25440.50
	342951.70
	504608.10

	 
	CAR5
	1875.50
	4528.70
	262.10
	105566.09
	15350.40
	20036.20
	350538.40
	284489.70
	228216.66
	71044.40
	61805.90
	368927.38
	525723.40

	CRC-PT-020
	Target alone
	106.00
	157.00
	29089.50
	131.00
	130.00
	144.00
	224.00
	257.00
	301.00
	275.00
	256.00
	294.00
	184.00

	 
	NT
	87.20
	583.55
	62.90
	158.55
	605.00
	40.05
	495.70
	3366.70
	2338.40
	34046.50
	250483.16
	105109.60
	29600.50

	 
	CAR4
	1.00
	109.50
	111.00
	322.40
	16703.80
	1.00
	1111.60
	6957.30
	4859.10
	103295.80
	435443.90
	111558.60
	119557.00

	 
	CAR5
	1.00
	1.00
	149.00
	178.50
	13354.10
	1.00
	904.60
	5832.30
	5398.70
	50428.25
	348990.80
	98511.00
	127814.45

	CRC-PT-021
	Target alone
	119.00
	166.00
	20173.05
	179.00
	247.00
	161.00
	190.00
	290.00
	244.00
	215.00
	139.00
	214.00
	223.00

	 
	NT
	140.30
	1.00
	1111.00
	1.00
	33679.30
	1.00
	423.60
	1169.45
	580.75
	515.10
	674.00
	64.10
	206.90

	 
	CAR4
	1.50
	43.90
	190.90
	152.40
	71454.70
	1.00
	739.20
	830.25
	611.20
	1030.80
	802.60
	71.15
	355.50

	 
	CAR5
	571.60
	6985.55
	1.00
	83.70
	40366.40
	1.00
	754.00
	3678.70
	2315.25
	19376.85
	47696.75
	2011.55
	43274.20

	CRC-PT-022
	Target alone
	187.00
	263.00
	69865.20
	303.00
	331.00
	217.00
	130.00
	194.00
	201.00
	191.00
	198.00
	207.00
	93.00

	 
	NT
	1.00
	1.00
	296.75
	18.20
	1.00
	1.00
	835.05
	978.30
	621.80
	1403.60
	2438.40
	338.90
	1536.20

	 
	CAR4
	436.95
	859.20
	111.00
	1.00
	13326.80
	1.00
	840.15
	3288.55
	2091.20
	36799.70
	260694.60
	1235.95
	29746.30

	 
	CAR5
	63.20
	161.90
	1.00
	224.40
	37340.40
	1.00
	936.65
	8739.20
	10380.90
	99209.00
	365652.70
	20186.35
	144784.70

	CRC-PT-023
	Target alone
	92.00
	166.00
	17706.30
	196.00
	188.00
	126.00
	234.00
	247.00
	240.00
	236.00
	288.00
	276.00
	188.00

	 
	NT
	1.00
	146.60
	86089.50
	20.00
	1.00
	1.00
	184.30
	648.35
	165.70
	714.85
	157.60
	1.00
	1.00

	 
	CAR4
	1.00
	90.00
	1111.00
	149.00
	2188.65
	1.00
	377.30
	830.60
	398.85
	255.40
	563.10
	159.05
	1.00

	 
	CAR5
	8.60
	1.00
	281.40
	1.00
	7358.60
	1.00
	702.60
	3751.10
	1512.20
	20173.05
	219498.80
	1100.10
	24832.90

	CRC-PT-024
	Target alone
	107.00
	149.00
	21476.30
	148.00
	175.00
	132.00
	232.00
	241.00
	225.00
	255.00
	123.00
	239.00
	213.00

	 
	NT
	3208.00
	1.00
	1185.90
	1.00
	49830.80
	1.00
	574.20
	772.80
	511.50
	468.90
	287.50
	190.30
	142.75

	 
	CAR4
	1233.50
	424.60
	748.80
	519.10
	122147.40
	749.10
	1318.00
	20161.55
	30218.80
	20744.50
	18713.40
	71719.50
	158812.70

	 
	CAR5
	366.65
	316.60
	462.10
	565.00
	114645.55
	798.10
	1523.65
	25711.80
	18567.50
	60080.80
	56193.10
	113438.90
	237988.10

	CRC-PT-025
	Target alone
	101.00
	192.00
	15109.60
	262.00
	305.00
	105.00
	209.00
	224.00
	244.00
	281.00
	335.00
	190.00
	93.00

	 
	NT
	279.70
	1.00
	1201.00
	256.90
	14520.00
	1.00
	539.60
	1022.00
	456.05
	969.10
	4167.75
	80.40
	463.90

	 
	CAR4
	38.35
	86.05
	28.90
	199.75
	44912.50
	1.00
	816.15
	5750.40
	1827.80
	69865.20
	164748.50
	2462.30
	137321.20

	 
	CAR5
	1.00
	1.00
	366.40
	404.05
	5377.80
	628.50
	1299.45
	10975.50
	6941.10
	137706.30
	264604.30
	11867.60
	159707.80


CBAs, cytokine bead array; CRC-PT, colorectal cancer patient; MSLN, Mesothelin; PDOs, patient-derived organoids; NT, non-transduced; CAR4, anti-MSLN-CAR4; CAR5, anti-MSLN-CAR5; IL, Interleukin; sFas, Soluble Fas; sFASL, Soluble Fas ligand; TNF-α, Tumor necrosis factor-alpha; IFN-γ, Interferon-gamma.

Additional file 1: Table 10. Raw data of the CMFDA signal after long-term co-killing with CAR-T cells.
	Lab Code
	%Dead cells

	
	1 h
	1 day
	3 days
	5 days

	CRC-PT-001
	Target alone
	12.60
	13.2
	13.9
	12.6

	
	NT
	20.80
	31.2
	38.5
	39.1

	
	CAR4
	43.20
	53.9
	57.5
	60.5

	
	CAR5
	56.10
	56.3
	72.6
	81.3

	CRC-PT-006
	Target alone
	5.58
	13.20
	7.15
	10.1

	
	NT
	10.20
	31.20
	18.9
	27.4

	
	CAR4
	19.20
	53.90
	15.9
	25.3

	
	CAR5
	31.40
	56.30
	39.6
	57.2

	CRC-PT-007
	Target alone
	3.00
	6.13
	11.8
	10.8

	
	NT
	7.40
	20.70
	25.1
	33.6

	
	CAR4
	14.30
	22.30
	32.4
	39

	
	CAR5
	19.00
	27.60
	68.8
	55.5

	CRC-PT-010
	Target alone
	9.93
	2.51
	3.06
	3.85

	
	NT
	18.11
	12.90
	6.21
	10.79

	
	CAR4
	21.50
	25.50
	34.37
	20.99

	
	CAR5
	36.09
	19.10
	41.42
	45.29

	CRC-PT-018
	Target alone
	8.84
	5.99
	11.85
	7.66

	
	NT
	18.89
	9.95
	9.78
	20.85

	
	CAR4
	28.20
	18.47
	34.37
	49.76

	
	CAR5
	36.09
	32.52
	56.56
	48.65

	CRC-PT-020
	Target alone
	14.86
	14.67
	18.09
	4.43

	
	NT
	16.74
	6.06
	4.86
	23.17

	
	CAR4
	24.30
	34.81
	12.88
	42.38

	
	CAR5
	30.99
	32.37
	27.28
	43.36

	CRC-PT-021
	Target alone
	5.72
	7.41
	10.78
	3.54

	
	NT
	10.79
	10.83
	17.17
	33.38

	
	CAR4
	15.28
	34.33
	40.28
	54.75

	
	CAR5
	28.46
	22.12
	54.92
	54.54


CRC-PT, colorectal cancer patient; MSLN, Mesothelin; PDOs, patient-derived organoids; NT, non-transduced; CAR4, anti-MSLN-CAR4; CAR5, anti-MSLN-CAR5.





















Additional file 1: Table 11. Raw number of ELISpot assay.
	Lab Code
	No. of spots

	
	PMA/Iono
	NT
	CAR4
	CAR5

	CRC-PT-001
	1123
	15
	156
	315

	CRC-PT-006
	ND
	0
	223
	332

	CRC-PT-007
	ND
	52
	67
	517

	CRC-PT-010
	ND
	1
	114
	305

	CRC-PT-018
	ND
	14
	54
	237

	CRC-PT-020
	ND
	0
	26
	572

	CRC-PT-021
	ND
	1
	10
	50


ELISpot, Enzyme-Linked ImmunoSpot assay; CRC-PT, colorectal cancer patient; PMA, Phorbol 12-myristate 13-acetate; Iono, Ionomycin; NT, non-transduced; CAR4, anti-MSLN-CAR4; CAR5, anti-MSLN-CAR5.












